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(57) Abstract: [PROBLEMS] A communications system implementing a high-speed, high-quality communication in an oblong 
communication range such as communication with a mobile body or the like, and a leakage optical fiber suitably used in such a 
communications system. [MEANS FOR SOLVING PROBLEMS] The optical fiber (2) is a GI type optical fiber having a core so 
constituted that a refractive index at its center is large and it is gradually reduced toward its periphery, and may permit the mixing 
of a scatterer. A modulation light sent from a transmitter (1) into the optical fiber (2) travels through the optical fiber (2) with part 
of it leaking from the side surface of the optical fiber (2). A receiver (3) receives this leaked light and demodulates it to capture 
information. Being of a GI type, the optical fiber (2) is small in waveform rounding and permits a high-speed, high-quality mobile 
communication. 
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/^Graded IndexSKGlM) ^X^^feSo l^lf*. SlSDfe^X-f^^fftWH 

-efe^o sm%~7r-<^n, mtfr^^rt^y^(miix^=iT<D^^u 9*7v 

m^m^Rmv^^xmnvfcm^i^ -^\^mmxma^fc^m<o 
Lfau m.wmxmmmKm^^hmn^tc.m^. mm^^mx^oh^t^ 

[0005] ^oi^^^o^iRj-eilffbfc^^mp-e^^^-e, mn^utj;?^ * 



WO 2005/086389 



PCT/JP2005/003769 



2 



[0006] mi2», GiM^x^<^fftwm-e&3o gim^t^-c^ EU2^i-j;5&- 

[0007] ^.(DX^ytyr4^m^^fcmm ht, ^jewc? 2 — ^M{fi^s^«ifc-e, 
^mm^f^^xmrn-r^t^n mt-r^coxh^ 0 mmm-rzk, ^tnz 

[0008] mM<Dft7T^mffix^ mmmtvxit.m^b^x^miir^t^m-m 
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timj&&tifz.Gm<D3£7T^x&<>x^ \Hm^mimmA^tix\ ^z.t&&m 

[ooi8] *&w\z.&fi^ ^mm^b(Dmm(D^D\z.m^mmmmx<Dmm(Dm\^ 



WO 2005/086389 



PCT/JP2005/003769 



[0019] ££>^ GiM3fe^T^^^m$L#:^mAi-6^^^J;oT. ^r-f^hmmir^ 

ytm&mtinirz>^b&x*%^ x^mm^mm^mmsir^b^x^^b\^j}^h^ 0 
[0020] mm, ^m^<Dmit^^^<Dmm<D—jfm^i-wiitMxh^o m^, mm 

fc^yt^r4^2iCMi:mir^ 0 Mx.^— if -^V^— K(LD:Laser Diode)^if 
[0021] %7T^^2\-$., rp>t?(Dm#TW±%<, mmz.fafro\ZLlj£oX'&* ^JS#r^{£ 

let*, i-etciffi|3i$tbTv ^§GM^^T^^^M^m^o«^iJffli-§rt^-e 
[0022] 3fc7r>f'*2©— *Bffitei£f§ mfrbMiZtifzytte. 3te7r^<2rtSr*6ffbT5i 

[0023] gfS#3kJ\ 3fc7r^^2©iW®36^«ftL-C<«^H3teS^3teU «HU-Cffif#S: 

mvx^^m^-xh^ ^r^<2^h<Dm^yt^m^3x^yti-^bKx^xm 
m&mtfz^b&x^&o 
[0024] t^,%v r 4^2(Dmmmb^mn(Dmm\^%^bm%m^-r^m^ 



WO 2005/086389 



PCT/JP2005/003769 



[0025] 02^. ^K^aftV^^fflV>§3fe^T^^^*5it§3fe^M^M(D|^K|g 

t?fc5„ lltttfc&flrejfcSo 02(A) icfiJu GM©3fc7T^fc*a#ll&i&AUfc 
*IHW©aiift3te7T^Srffiv^4&#Sr^U, 02(B) fa*. I^cdgiM^t^ 

[0026] ^^K»Mff^^A-e^^T^^2^LTGIM(7)3fe^T^^^V^TV^§(D-C\ 

t?o 3te7r^<2i:LT^M©»a3fe7r^^Srfflv^»^^r±, 02(A) *K 

frlimUf^bTKI*, ©#r^fc9, • ; eo^*-?:(Dil{^^^35$tb-C^T^^2(D 

1»[U<DB0W\ JB$r«r^W"Of>. 3fe7T^^2^^«^i a i-3t^T^^2rt^a6 
BTI6ti«#*3*T^JfeV^<D-e % IftafeHI^Slt, JB#rfclJ:5i&£JE£tf s 9 (delay sprea 
d)«^C#<«^^V\ 

[0028] Z(D£5teftffl*ft&<Dm&ft7TJ'^te%btl?& ^#i4-efc^o GlS3fe 
[0029] 02(A) fc^Ubfc»W©M*3te:7T^fc:i3V^X\ tfc&flcil<E>*£«r£*.3££ 



WO 2005/086389 



PCT/JP2005/003769 



0fliLT, 02(B) (^i-J;5^i5:SL^iiSrfc^.T2SAb>fev>#^^t, 3fc7r^2 

[oo3o] *&m<Dm&ft77'('<<DM:ftMitt^xnmirz> 0 ^moi^t^^l 

T^, ^Rf^T£:bTPMMA(Poly Methyl Methacrylate) £V ^^^/MSS" 
H&ftfflU 15cSL#:i:L-Cii:^7. /Ktospearl) £V ^H££rUbV!J 

[0031] 03{3\ ^0J^«?^^T^^^-^!l^^^ffi^^^»^«?«3fi^ 

-1f-£r&AU ^eo^(DA*l-^^omg|^#llfi^^«9, MUfe^itStm^) 
M/i5li^lt (wt%) Xm&VXft&\^tcMWt<DMm3t77-(sM^\, vC, -?r<D 
mm&ktfrO. lwt%<DmX\^ AtJ»^5^— h/V@Jt^-50dBm;§^it?&3B& 
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<DM&K\Z, H8(B)i^-f-J;5^ ^Tt^yVcomWK^^X, ^(DM^&jjfa 
lcm$T^XmteZ.blC?£% 0 ^rb-C, %7T-i'^ COAMM 6 ^AMm^-nS. 8 max 
£<0i>±^<ts:Z>t^ 08(C) \c^1~£yiz.^Tty-^y}?<Dnmz&X^xmtJTl-%h(D<D 

, ^(D^^y^mnxm^mmir^t\ctj:^ 0 

[0040] ±^(DAMm^& 8 maxte, ^T<Dm^X^n2b^yV(Dm^^nlX^:m, 
8 max = nl«v r (2* A) 
A = (nl-n2)/nl 

XM^t^X^^) 0 

[0041] ^.(DAM^^S. 8 max<DiE3£, o£«9sin( 8 max) £r|ii P^C (Numerical Ape 
rture, J^T\ NA^i") b\ ^ 0 Z.<Dm nWtNA&A%X^3:b\ ^T^^(D—)^^ 

bm^mmir%y£(Dm^^x^b^bnxx^ 0 m^xjru*. pipina 
^/h$v^ mmir%m$mj)\\irz>tnx-z>z.ttfx%^ mmyt&mx^mm^m^ 
m^%m&m#>z>z.t&x%z>z.bfcti:z> 0 -<Dm&, %<Dmmmmmm:m 
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[0043] mamNA(D^\Hzx^mmtmmyt^m<Dmm(D—{m^ir^yxh 

Z>o 09^L^!|-e«, r?flP#CNA^0. 20^0. 18(D2eS^GlM^T^^^ffl 
A = 0. 18<DH^te, NA=0. 20(D#^^it^T, 15m^-C^, i«9^<(D>fe^« 

[0044] %7T^^(F)X% nmNA(~£fcfeAMm$f-ft& 6 max) £f»r5, 1~ 

[0045] ft**, mSL^?rMAi-§»^^«, ^OfSL#^i©*^^<^5^^ 

^jai22f|5^Jaifr*nl^«i-^^^j:«9r?S ni&NA(*;fcKtAJ|tffil?-:ft£ 0 max) 

[0046] miote, ^mw<vm&^T-(^&^^ti^mm<Dmm ^^^(D^mm^mn 
mx&% 0 m*p, 2mm^^yhu— 22nmfe*pm^ 23«@^ff^=, 24« 

H^^tmV^ 25te@$£^ft3^ 31«#»)f*^ff^, 32«#tb#:1 3 ^, 33« 

[0047] j&_hwm, mfe^yhv— ^2i\z.mm^n±m^m^22^ m^in^ 
23tmfeyt7T4s<24, m^m^25fj:^mnhfh^ 0 m^m^22i~im^ 
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& m >£%:7t-(s<24 KA&z-itZo m feft7T^24fe*m m (Dmrn^r^x 

23^hm^^r4^24KAm^tcmm^n.^(D^m^^T^24^m^ 
&^<Dmfcmmmmfeft7T4s<24<Dwmfrtbmmirz> 0 

[0048] — ft, &WtttFC2bZ>m&Kt&. M\H(D&mfo^yhV—?33Kmmt5tlti&W}fc 

*mm2t, mhft&mm3u rv. ^mw-mmm4mmw-%'7r-(^35t^ 
&Wirthfox\^ 0 ±&(D£?\cmfeft?T^s<24frh(Dmm%;fe, ^m^mm 
ltex^xBtyt'tzz.kifi-T&Zo ^ti%&mf$%:mmixmmir%-bK£^x, m 
»&m>z.t&~e%z> 0 nhfhtmm^mw-^mm2\z.mhfh, wmw-^vYv- 
?33^hmmisfoz> 0 

[0049] zjd£d\zx,x, m±^h^m^ (Dmm<Dmm &ft?z.t&x%z> 0 &m*nmz& 
t!)LTv^§^^ i^<Dmfeyt7T4^24dmtfhtixv^mmz^^xfem^mm& 
mimtix\^<DX\ mm^m^x^fevxmfeft7T4/<24frh<Dmmyt& 

[0050] t£$s^ Sio^^i-J;5^ia^7T^^24^ML-r@agL-C*5<^i:^J;o-c, m 

m^n^uz.^fixmm^xmnhf^x\^m^%yr^^24^hmm.%^% 

U ft m^im TZ^b^X^Zo i^(Dm^^7r^^24^hX^m^^M&^ 

irx^K^n&(DM^(Dmm^r^<24^m-<xmm:ir^tKx^x.Mmm 
<DM&x&<>xh&wft%^bft<mm&ft?^t&x%z> 0 
[0051] ^jjftft-ei&ii^ff ir^mmt. &mfc^yhv~?33frb&mfc^mm2% 
mzx&W}fcmmm4^mt>tiz>o ^mw-mm mhft^mmzfrb&rt 
^tcmm^m^xmm^nr^myt^mi^^r^35^AM^^ 0 
^r4^35h^mm(Dmm^r4^xm,W(Dmnm^ftm-mnh^o 
^mi^mmm4^h^mi^ytyr4^35KAmvtcmmyti^^(D^^mi^yt 
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[0052] ^(omm^nrthtitmmw-%7T4^5frh(DM®.m^ mm^mmm^ 

[0053] z.tDXoiz.vx, mm*hm±^(Dmm<7)mm &n?~t&x%% 0 mm-zmmx& 
mi^xm. &mi*yt7T4^35-b&mirz>fr\ m±(D^mm25±^mw-^r 
4^35<Di$frh^xmmir%<Dic&%n&<vm3&^ir% 0 z.<Dmm<Dmiz.$o\^ 
xn$:mi,tiimm&*smxhz> 0 m±miz.^m^yr^^35(DM^^(Dmmx 

^m&25&mtfXte%^mfcft7T^35fab<DMmft&^ft1r%^mm25& 

)mik®mx.x<4><fi\ ^^Mn<D^m^25^mxttcmm&&x-Df3: 
€^^^tKx<>x,mm^h(Dmm^Mu\^x^mir^tmx^ 0 
[0054] _h3z&oj:5^bT, M±.fab$m^(Dmm mm*hm±.^<Dmmtiz.£<9, 
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